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(54) VACUUM CLEANER AND CONTROL METHOD FOR SAME

(57) According to an embodiment, A vacuum cleaner
includes a main body; a suction head including a suction
port through which debris is sucked up; a brush config-
ured to rotate in the suction head; a brush motor config-
ured to rotate the brush; a suction motor configured to
generate suction force so that debris is sucked up through
the suction port; a pressure sensor configured to meas-
ure atmospheric pressure and pressure at the suction
port; and at least one processor configured to determine
suction pressure based on the measured atmospheric
pressure and the measured pressure at the suction port,
and determine cleaner state information, including at
least one of operation state information and information
of a type of surface to be cleaned, based on the deter-

mined suction pressure and a load of the brush motor.
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Description

[Technical Field]

[0001] The disclosure relates to a vacuum cleaner hav-
ing a suction head equipped with a rotational brush and
method for controlling the vacuum cleaner.

[Background Art]

[0002] In general, a vacuum cleaner includes a suction
motor for generating suction force, a suction head for
sucking up air and debris on a surface to be cleaned with
the suction force of the suction motor, and a debris col-
lection chamber for separating and collecting the debris
from the air sucked up through the suction head to per-
form cleaning.
[0003] The suction head may include a housing having
a suction port and a brush for swiping the surface to be
cleaned to lead the debris to be efficiently sucked up
through the suction port. The brush may be rotationally
provided by being connected to a brush motor.

[Disclosure]

[Technical Problem]

[0004] Provided is a vacuum cleaner and method for
controlling the same, capable of accurately classifying
cleaner states such as whether cleaning is performed or
a type of a surface to be cleaned even with a change in
external environment by measuring atmospheric pres-
sure and pressure on a suction port side.

[Technical Solution]

[0005] According to an embodiment, a vacuum cleaner
includes a main body; a suction head connected to the
main body and including a suction port through which
debris is sucked up; a brush rotationally arranged in the
suction head; a brush motor configured to transfer rota-
tional power to the brush; a suction motor configured to
generate suction force for the suction port; a pressure
sensor configured to measure atmospheric pressure and
pressure at the suction port; and at least one processor
configured to determine suction pressure based on the
atmospheric pressure and the pressure at the suction
port, and determine cleanser state information including
at least one of operation state information or type infor-
mation of a surface to be cleaned based on the suction
pressure and a load of the brush motor.
[0006] The pressure sensor may include a relative
pressure sensor including a first pressure sensor config-
ured to measure atmospheric pressure and a second
pressure sensor configured to measure pressure at the
suction port, and outputting a difference between the first
pressure sensor value and the second pressure sensor
value.

[0007] The pressure sensor may be an absolute pres-
sure sensor configured to measure pressure at the suc-
tion port, and the at least one processor may determine
atmospheric pressure based on an output of the pressure
sensor before operation of the suction motor, and deter-
mine pressure at the suction port based on an output of
the pressure sensor during operation of the suction mo-
tor.
[0008] The vacuum cleaner may further include a cur-
rent sensor configured to measure a current to the brush
motor, and the at least one processor may determine a
load of the brush motor based on the current to the brush
motor.
[0009] The vacuum cleaner may further include a volt-
age sensor configured to measure a voltage of a battery
which supplies power to the brush motor, and the at least
one processor may determine a load of the brush motor
in proportion to consumption power of the brush motor.
[0010] The at least one processor may use correlation
information between suction pressure, a load of the brush
motor, and a cleaner state determined based on the load
of the brush motor and the suction pressure according
to the cleaner state to determine cleaner state informa-
tion corresponding to current suction pressure and load
of the brush motor.
[0011] The at least one processor may use a hyper-
plane determined by a support vector machine (SVM)
having the suction pressure according to a cleaner state
and the load of the brush motor as training data to deter-
mine the cleaner state information.
[0012] The hyperplane may be a boundary plane sep-
arating respective cleaner states differentiated by suction
pressure and the load of the brush motor.
[0013] The hyperplane may be a linear kernel.
[0014] The hyperplane may be a hyperplane having a
maximum separation distance from the training data in
a space with the suction pressure and the load of the
brush motor as attributes.
[0015] The at least one processor may determine tran-
sition of cleaner state based on the hyperplane to update
the cleaner state information.
[0016] The at least one processor may, when a region
to which the suction pressure and the load of the brush
motor belong among a plurality of regions separated by
the hyperplane is changed a preset number of times or
more, determine the cleaner state information based on
a cleaner state corresponding to the changed region.
[0017] The at least one processor may determine the
cleaner state information by determining transition of
cleaner state based on a plane separated from the hy-
perplane by a preset value.
[0018] The at least one processor may use the plane
separated from the hyperplane by the preset value based
on determination of transition of cleaner state from a first
state to a second state, and use a plane separated from
the hyperplane by a negative value of the preset value
based on determination of transition of cleaner state from
the second state to the first state.

1 2 



EP 4 461 183 A1

3

5

10

15

20

25

30

35

40

45

50

55

[0019] The at least one processor may determine the
cleaner state information based on the suction pressure,
the load of the brush motor, and revolutions per minute
(rpm) of the suction motor.
[0020] The at least one processor may determine sub-
sequent cleaner state information by further considering
the rpm of the suction motor in addition to the suction
pressure and the load of the brush motor based on the
cleaner state information representing a lift state in which
the brush is separated from a surface to be cleaned and
the suction pressure being equal to or less than a preset
value.
[0021] The at least one processor may control at least
one output of the brush motor or the suction motor based
on the cleaner state information.
[0022] A method of controlling a vacuum cleaner in-
cluding a main body, a suction head connected to the
main body and including a suction port through which
debris is sucked up, a brush rotationally arranged in the
suction head, a brush motor for transferring rotational
force to the brush, and a suction motor for generating
suction force for the suction port includes determining
suction pressure based on atmospheric pressure and
pressure at the suction port measured by a pressure sen-
sor; and determining cleaner state information including
at least one of operation state information or type infor-
mation of a surface to be cleaned based on the suction
pressure and a load of the brush motor.
[0023] The pressure sensor may include a relative
pressure sensor including a first pressure sensor config-
ured to measure atmospheric pressure and a second
pressure sensor configured to measure pressure at the
suction port, and outputting a difference between the first
pressure sensor value and the second pressure sensor
value.
[0024] The pressure sensor may be an absolute pres-
sure sensor configured to measure pressure at the suc-
tion port, and the determining of the suction pressure
may include determining atmospheric pressure based on
an output of the pressure sensor before operation of the
suction motor; and determining pressure at the suction
port based on an output of the pressure sensor during
operation of the suction motor.
[0025] The determining of the cleaner state information
may include using a hyperplane determined by a support
vector machine (SVM) having the suction pressure ac-
cording to a cleaner state and the load of the brush motor
as training data to determine the cleaner state informa-
tion.
[0026] The determining of the cleaner state information
may include determining transition of cleaner state based
on the hyperplane to update the cleaner state informa-
tion.

[Advantageous Effects]

[0027] According to an embodiment, a vacuum cleaner
and method for controlling the same may accurately clas-

sify cleaner states such as whether cleaning is performed
or types of a surface to be cleaned even with a change
in external environment by measuring atmospheric pres-
sure and pressure at a suction port.

[Description of Drawings]

[0028]

FIG. 1 is an exterior view of a vacuum cleaner, ac-
cording to an embodiment.
FIG. 2 is a perspective view of a suction head, ac-
cording to an embodiment.
FIG. 3 is an exploded view of a suction head, ac-
cording to an embodiment.
FIG. 4 is a control block diagram of a vacuum clean-
er, according to an embodiment.
FIG. 5 is a diagram for describing how a vacuum
cleaner determines cleaner state information, ac-
cording to an embodiment.
FIG. 6 is a diagram for describing hyperplanes de-
termined by a support vector machine (SVM).
FIG. 7 is a diagram for describing how a vacuum
cleaner determines cleaner state information based
on transition of cleaner state, according to an em-
bodiment.
FIG. 8 is a diagram for describing how a vacuum
cleaner determines state transition of the vacuum
cleaner, according to an embodiment.
FIG. 9 is a diagram for describing an occasion when
a vacuum cleaner controls at least one of a brush
motor or a suction motor based on cleaner state in-
formation, according to an embodiment.
FIG. 10 is a diagram for describing cleaning state
information when suction pressure of a vacuum
cleaner is low, according to an embodiment.
FIG. 11 is a diagram for describing how a vacuum
cleaner determines cleaner state information by fur-
ther considering revolutions per minute (rpm) of a
suction motor, according to an embodiment.
FIG. 12 is a flowchart of performing motor output
control by determining cleaner state information in a
method of controlling a vacuum cleaner, according
to an embodiment.
FIG. 13 is a flowchart of an example of determining
cleaner state information in a method of controlling
a vacuum cleaner, according to an embodiment.
FIG. 14 is a flowchart of an example of determining
cleaner state information based on state transition
of a vacuum cleaner in a method of controlling the
vacuum cleaner, according to an embodiment.
FIG. 15 is a flowchart of determining cleaner state
information by further considering rpm of a suction
motor in a method of controlling a vacuum cleaner,
according to an embodiment.
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[Modes of the Invention]

[0029] Embodiments and features as described and
illustrated in the disclosure are merely examples, and
there may be various modifications replacing the embod-
iments and drawings at the time of filing this application.
[0030] It will be further understood that the term "con-
nect" or its derivatives refer both to direct and indirect
connection, and the indirect connection includes a con-
nection over a wireless communication network.
[0031] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to limit the disclosure. It is to be understood that
the singular forms "a," "an," and "the" include plural ref-
erences unless the context clearly dictates otherwise. It
will be further understood that the terms "comprise"
and/or "comprising," when used in this specification,
specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, compo-
nents, and/or groups thereof.
[0032] The terms including ordinal numbers like "first"
and "second" may be used to explain various compo-
nents, but the components are not limited by the terms.
The terms are only for the purpose of distinguishing a
component from another. Thus, a first element, compo-
nent, region, layer or room discussed below could be
termed a second element, component, region, layer or
section without departing from the teachings of the dis-
closure.
[0033] Furthermore, the terms, such as "- part", "-
block", "- member", "- module", etc., may refer to a unit
of handling at least one function or operation. For exam-
ple, the terms may refer to at least one process handled
by hardware such as field-programmable gate array (FP-
GA)/application specific integrated circuit (ASIC), etc.,
software stored in a memory, or at least one processor.
[0034] Reference numerals used for method steps are
just used to identify the respective steps, but not to limit
an order of the steps. Thus, unless the context clearly
dictates otherwise, the written order may also be prac-
ticed otherwise.
[0035] Reference will now be made in detail to embod-
iments of the disclosure, which are illustrated in the ac-
companying drawings.
[0036] FIG. 1 is an exterior view of a vacuum cleaner,
according to an embodiment.
[0037] Referring to FIG. 1, a vacuum cleaner 1 may
include a cleaner main body 10, a suction head 15, and
an extension tube 20 connecting between the cleaner
main body 10 and the suction head 15.
[0038] The cleaner main body 10 may include a suction
force generator 30 for generating suction force, a debris
collection chamber 40 for separating and collecting de-
bris from air sucked up, a handle 50, and a battery 60 for
supplying power to the suction force generator 30.
[0039] The suction force generator 30 may include a

suction motor for converting electric power to mechanical
rotational power and a suction fan connected to the suc-
tion motor to be rotated.
[0040] The debris collection chamber 40 may collect
debris in a cyclonic method of using centrifugal force to
separate the debris or in a dirtbag method of separating
debris by forcing air to pass through a filter bag. The air
from which the debris is removed through the debris col-
lection chamber 40 may be discharged out of the cleaner
main body 10.
[0041] The extension tube 20 may be formed with a
flexible hose or a pipe having certain rigidity. The exten-
sion tube 20 may deliver suction force generated by the
suction force generator 30 to the suction head 15, and
guide air and debris sucked up through the suction head
15 to the cleaner main body 10.
[0042] The suction head 15 may closely contact a sur-
face to be cleaned and suck up air and debris on the
surface to be cleaned. The suction head 15 may be ro-
tationally coupled with the extension tube 20.
[0043] FIG. 2 is a perspective view of the suction head
15, according to an embodiment, and FIG. 3 is an ex-
ploded view of the suction head 15, according to an em-
bodiment.
[0044] Referring to FIGS. 2 and 3, the suction head 15
may include a housing 15b with a suction port 15a formed
thereon, a brush 151 that rotates for debris to be effec-
tively sucked up into the housing 15b through the suction
port 15a, and a suction connector 70 connecting the
housing 15b to the extension tube 20.
[0045] In this case, a module coupling direction X may
be defined along a rotational axis of the brush 151. A
bearing module 152, a brush motor 150, and the brush
151 may be coupled to the housing 15b of the suction
head 15 in the module coupling direction X.
[0046] For example, the housing 15b of the suction
head 15 may be formed with an upper housing 15b-1, a
lower housing 15b-2, and a side housing 15b-3 assem-
bled.
[0047] In an embodiment, the suction head 15 may fur-
ther include a connector module 153. The connector
module 153 may be fixed to the side housing 15b-3. The
connector module 153 may be coupled to the brush motor
150, and may supply power to drive the brush motor 150.
An electric wire (not shown) for supplying power connect-
ed to the battery 60 may extend out to the cleaner main
body 10, the extension tube 20, the suction connector
70, the lower housing 15b-2, and the side housing 15b-
3 in sequence and may be finally and electrically con-
nected to a connector of the connector module 153.
[0048] The brush motor 150 may be provided in the
shape of substantially a bottle. Specifically, a case of the
brush motor 150 provided to cover and protect detailed
components may be shaped almost like a bottle. The
shape of a bottle may refer to a form including a cylindrical
body with a certain diameter and a neck connected to
the body and having a smaller diameter than the diameter
of the body.

5 6 



EP 4 461 183 A1

5

5

10

15

20

25

30

35

40

45

50

55

[0049] A plug connected to the connector of the con-
nector module 153 may be fixed to a section of the neck
part of the bottle shape of the brush motor 150. A brush
driving shaft may be arranged between one end at which
the plug is placed and the other end in a direction of the
rotational axis of the brush 151. Driving force generated
from the brush motor 150 may be transferred to the brush
151 through the brush driving shaft.
[0050] The brush 151 may be provided in the form of
a cylinder having an empty space formed therein along
the rotational axis (X-axis), and the brush motor 150 may
be settled in the empty space formed along the rotational
axis.
[0051] The brush 151 may receive the connector mod-
ule 153, the bearing module 152, and the brush motor
150 in the empty space formed along the rotational axis
(X-axis) and may be fixed to the housing 15b.
[0052] With this, the brush 151 rotates based on the
driving force transferred from the brush motor 150 to scat-
ter the debris on the surface to be cleaned, helping suc-
tion of the debris through the suction port 15a be effi-
ciently performed.
[0053] The suction head 15 shown in FIGS. 2 and 3 is
an example of the disclosure, but the disclosure is not
limited to the suction head 15 shown in FIGS. 2 and 3.
For example, the brush motor 150 equipped in the suction
head 15 may be provided in a way that transfers power
through a pulley structure on the outside of the brush 151
instead of a way that transfers power through an inter-
locking structure in which the brush motor 150 is put into
the brush 151. As such, the suction head 15 may have
any structure that includes the suction port 15a and the
brush 151 to increase suction force at the suction port
15a for the debris, without limitation.
[0054] FIG. 4 is a control block diagram of the vacuum
cleaner 1, according to an embodiment.
[0055] Referring to FIG. 4, the vacuum cleaner 1 ac-
cording to an embodiment includes a pressure sensor
110 for detecting atmospheric pressure and pressure at
the suction port 15a, a current sensor 120 for detecting
a current applied to the brush motor 150, a voltage sensor
130 for detecting a voltage of the battery 60 which sup-
plies power to the brush motor 150, a controller 140 for
determining suction pressure based on a difference be-
tween the atmospheric pressure and the pressure at the
suction port 15a, and determining cleaner state informa-
tion including at least one of operation state information
or type information of the surface to be cleaned based
on the suction pressure and a load of the brush motor
150, the brush motor 150 for transferring driving force to
the brush 151, and a suction motor 160 for transferring
the driving power to a suction fan to produce suction
force.
[0056] In an embodiment, the pressure sensor 110
may include a relative pressure sensor including a first
pressure sensor for measuring atmospheric pressure
and a second pressure sensor for measuring pressure
at the suction port 15a, and outputting a difference be-

tween the first pressure sensor value and the second
pressure sensor value. In this case, the first pressure
sensor may be at any location at which to measure at-
mospheric pressure without limitation, and the second
pressure sensor may be arranged on one side of the
suction port 15a to measure pressure at the suction port
15a. Alternatively, the second pressure sensor may be
arranged on one side of the suction connector 70 con-
nected to the suction port 15a or the extension tube 20.
[0057] Furthermore, in an embodiment, the pressure
sensor 110 may be an absolute pressure sensor for
measuring pressure at the suction port 15a, and the con-
troller 140 may determine atmospheric pressure based
on an output of the pressure sensor 110 before operation
of the suction motor 160 and determine pressure at the
suction port 15a based on an output of the pressure sen-
sor 110 during operation of the suction motor 160.
[0058] In an embodiment, the current sensor 120 may
measure a current to the brush motor 150, and for this,
may be provided as a known type of current sensor.
[0059] In an embodiment, the pressure sensor 130
may measure a voltage of the battery 60 for supplying
the voltage to the brush motor 150 and for this, may be
provided as a known type of voltage sensor. In other
words, the voltage sensor 130 may measure a voltage
applied to the brush motor 150 from the battery 60.
[0060] In an embodiment, the controller 140 may de-
termine suction pressure based on the atmospheric pres-
sure and the pressure at the suction port 15a. Specifical-
ly, the controller 140 may determine actual pressure ap-
plied to the debris by determining suction pressure cor-
responding to a difference between the atmospheric
pressure and the pressure at the suction port 15a even
when the atmospheric pressure changes by external en-
vironment. In other words, the controller 140 may accu-
rately determine suction pressure corresponding to the
actual pressure for sucking up the debris even when there
is a change in atmospheric pressure by the external en-
vironment.
[0061] In an embodiment, the controller 140 may de-
termine cleaner state information including at least one
of operation state information or type information of the
surface to be cleaned based on the suction pressure and
a load of the brush motor 150.
[0062] In this case, the controller 140 in an embodi-
ment may determine a load of the brush motor 150 based
on the current to the brush motor 150. For example, when
the brush 151 corresponds to a brush that is driven with
a certain current, the applied current may increase to
maintain certain rotational force for the brush based on
resistance of the floor surface, and the controller 140 may
determine that the load of the brush motor 150 increases
when the applied current to the brush motor 150 increas-
es.
[0063] Furthermore, in an embodiment, the controller
140 may determine consumption power of the brush mo-
tor 150 based on the current applied to the brush motor
150 and the voltage of the battery 60 that supplies power
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to the brush motor 150, and determine a load of the brush
motor 150 in proportion to the consumption power of the
brush motor 150. For example, when the brush 151 cor-
responds to a brush that is driven at certain rpm, the
consumption power may increase to maintain the certain
rpm based on resistance of the floor surface, and the
controller 140 may determine that a load of the brush
motor 150 increases when the consumption power to the
brush motor 150 increases.
[0064] The controller 140 may use correlation informa-
tion between suction pressure, a load of the brush motor
150, and a cleaner state determined based on the load
of the brush motor 150 and the suction pressure accord-
ing to the cleaner state to determine cleaner state infor-
mation corresponding to the current suction pressure and
the load of the brush motor 150.
[0065] For example, the controller 140 may use a hy-
perplane determined by a support vector machine (SVM)
having the suction pressure according to the cleaner
state and the load of the brush motor 150 as training data
to determine the cleaner state information.
[0066] Specifically, the controller 140 may identify a
region to which the current suction pressure and the load
of the brush motor 150 belong among a plurality of re-
gions separated by the hyperplane determined by the
SVM to determine the cleaner state information.
[0067] In this case, the hyperplane may be a boundary
plane which separates respective cleaner states differ-
entiated by the suction pressure and the load of the brush
motor 150.
[0068] Furthermore, the hyperplane in an embodiment
may be a linear kernel to prevent overfitting for the train-
ing data.
[0069] In an embodiment, the hyperplane may be a
hyperplane having a maximum separation distance from
the training data in a space with the suction pressure and
a load of the brush motor 150 as attributes.
[0070] In this case, the cleaner state information may
include at least one of operation state information indi-
cating whether the vacuum cleaner 1 performs cleaning
or type information of a surface to be cleaned indicating
a type of the surface to be cleaned when the vacuum
cleaner 1 performs cleaning.
[0071] For example, the operation state information
may include a lift state in which the brush 151 is separated
from the surface to be cleaned and thus cleaning is not
performed.
[0072] The type information of the surface to be
cleaned may include information about each of a state
in which the surface to be cleaned is a carpet, a state in
which the surface to be cleaned is a hard floor, and a
state in which the surface to be cleaned is a mat, and the
state in which the surface to be cleaned is a carpet may
include information about each of a state in which the
surface to be cleaned is a low pile carpet (or carpet short),
e.g., Wilton carpet, and a state in which the surface to
be cleaned is a high pile carpet (or carpet long), e.g.,
Plush carpet.

[0073] In an embodiment, the controller 140 may de-
termine transition of cleaner state based on the hyper-
plane to update the cleaner state information. Specifical-
ly, the controller 140 may use a state machine to deter-
mine transition of cleaner state, thereby determining the
current cleaner state information.
[0074] For example, when a region to which the suction
pressure and the load of the brush motor 150 belong
among a plurality of regions separated by the hyperplane
is changed a preset number of times or more, the con-
troller 140 may determine the cleaner state information
based on a cleaner state corresponding to the changed
region.
[0075] Furthermore, in an embodiment, the controller
140 may determine cleaner state information by deter-
mining transition of cleaner state based on a plane sep-
arated from the hyperplane by a preset value. In this case,
taking into account hysteresis characteristics, the con-
troller 140 may use a plane separated from the hyper-
plane by the preset value based on determination of tran-
sition of the cleaner state from a first state to a second
state, and use a plane separated from the hyperplane by
a negative value of the preset value based on determi-
nation of transition of the cleaner state from the second
state to the first state.
[0076] As such, the controller 140 may cancel noise
based on an operation state or noise of the sensor 110,
120 or 130 by applying the hysteresis and figuring out
continuity of data when the transition of the cleaner state
may be determined.
[0077] Furthermore, in an embodiment, the controller
140 may determine the cleaner state information based
on suction pressure, a load of the brush motor 150 and
rpm of the suction motor 160.
[0078] In this case, the controller 140 may determine
rpm of the suction motor 160 based on a motor position
of the suction motor 160 according to an operation com-
mand. For example, the suction motor 160 may corre-
spond to a brushless direct current (BLDC) motor, and
the controller 140 may determine rpm of the suction motor
160 based on the motor position of the suction motor 160.
[0079] The controller 140 may use correlation informa-
tion between suction pressure, a load of the brush motor
150, rpm of the suction motor 160 and a cleaner state
determined based on the suction pressure according to
the cleaner state, the load of the brush motor 150, and
the rpm of the suction motor 160 to determine cleaner
state information corresponding to the current suction
pressure, the load of the brush motor 150, and the rpm
of the suction motor 160.
[0080] For example, the controller 140 may use a hy-
perplane determined by an SVM having the suction pres-
sure according to the cleaner state, the load of the brush
motor 150 and the rpm of the suction motor 160 as train-
ing data to determine the cleaner state information.
[0081] In this case, the hyperplane may correspond to
a boundary plane to separate respective cleaner states
differentiated by suction pressure, a load of the brush
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motor 160 and rpm of the suction motor 160 in a three-
dimensional (3D) space having the suction pressure, the
load of the brush motor 150, and the rpm of the suction
motor 160 as attributes.
[0082] Furthermore, the hyperplane in an embodiment
may be a linear kernel to prevent overfitting for the train-
ing data.
[0083] In an embodiment, the hyperplane may be a
hyperplane having a maximum separation distance from
the training data in the 3D space with the suction pres-
sure, the load of the brush motor 150, and the rpm of the
suction motor 160 as attributes.
[0084] For example, the controller 140 may determine
subsequent cleaner state information by further consid-
ering the rpm of the suction motor 160 in addition to the
suction pressure and the load of the brush motor 150
based on the cleaner state information indicating the lift
state in which the brush 151 is separated from the surface
to be cleaned and the suction pressure being equal to or
less than a preset value.
[0085] Specifically, in a state of low suction pressure,
it may be difficult to distinguish the state in which the
surface to be cleaned is a hard floor from the state in
which the surface to be cleaned is a mat. In this case,
when the state in which the surface to be cleaned is a
mat, the surface of the mat is adsorbed to a flow path of
the brush 151 and thus the flow volume is reduced, lead-
ing to a reduction in load of the suction motor 160 and
an increase in rpm of the suction motor 160.
[0086] Accordingly, when the cleaner state information
indicates the lift state in which the brush 151 is separated
from the surface to be cleaned and the suction pressure
is equal to or less than a preset value, the controller 140
may determine that the suction pressure is low and then
determine subsequent cleaner state information by fur-
ther considering the rpm of the suction motor 160 in ad-
dition to the suction pressure and the load of the brush
motor 150.
[0087] In an embodiment, the controller 140 may con-
trol at least one output of the brush motor 150 or the
suction motor 160 based on the cleaner state information.
[0088] For example, the controller 140 may control the
suction motor 160 to produce a reference output when
the surface to be cleaned is a hard floor, control the suc-
tion motor 160 to produce more than the reference output
when the surface to be cleaned is a carpet, and control
the suction motor 160 to produce less than the reference
output when the surface to be cleaned is a mat. Further-
more, the controller 140 may minimize outputs of the
brush motor 150 and the suction motor 160 when clean-
ing is not performed (in the lift state).
[0089] The controller 140 may include at least one
memory for storing a program for carrying out the afore-
mentioned and following operations, and at least one
processor for executing the program.
[0090] In an embodiment, the brush motor 150 may
transfer driving force to the brush 151 under the control
of the controller 140 when cleaning is performed.

[0091] In an embodiment, the suction motor 160 may
transfer driving force to the suction fan under the control
of the controller 140 when cleaning is performed.
[0092] The control configuration of the vacuum cleaner
1 has thus far been described in detail. How the vacuum
cleaner 1 determines the cleaner state information will
now be described in detail.
[0093] FIG. 5 is a diagram for describing how the vac-
uum cleaner 1 determines cleaner state information, ac-
cording to an embodiment, and FIG. 6 is a diagram for
describing hyperplanes determined by an SVM.
[0094] Referring to FIG. 5, in an embodiment, the vac-
uum cleaner 1 may determine cleaner state information
including at least one of operation state information or
type information of the surface to be cleaned based on
the suction pressure and the load of the brush motor 150.
[0095] In this case, the load of the brush motor 150
may be determined based on a supply current applied to
the brush motor 150 or consumption power of the brush
motor 150, and an example of determining the load of
the brush motor 150 based on the consumption power
of the brush motor 150 will now be described.
[0096] The vacuum cleaner 1 may use correlation in-
formation between suction pressure, a load of the brush
motor 150, and a cleaner state determined based on the
load of the brush motor 150 and the suction pressure
according to the cleaner state to determine cleaner state
information corresponding to the current suction pres-
sure and the load of the brush motor 150.
[0097] Specifically, the vacuum cleaner 1 may identify
a region to which the current suction pressure and the
load of the brush motor 150 belong among a plurality of
regions a , b, c, d, and e separated by hyperplanes
510, 520, 530 and 540 determined by the SVM to deter-
mine the cleaner state information.
[0098] In this case, the cleaner state information may
include at least one of operation state information indi-
cating whether the vacuum cleaner 1 performs cleaning
or type information of a surface to be cleaned indicating
a type of the surface to be cleaned when the vacuum
cleaner 1 performs cleaning.
[0099] For example, the operation state information
may include the lift state in which the brush 151 is sep-
arated from the surface to be cleaned and thus cleaning
is not performed.
[0100] The type information of the surface to be
cleaned may include information about each of a state
in which the surface to be cleaned is a carpet, a state in
which the surface to be cleaned is a hard floor, and a
state in which the surface to be cleaned is a mat, and the
state in which the surface to be cleaned is a carpet may
include information about each of a state in which the
surface to be cleaned is a low pile carpet (or carpet short),
e.g., Wilton carpet, and a state in which the surface to
be cleaned is a high pile carpet (or carpet long), e.g.,
Plush carpet.
[0101] For example, when the current suction pressure
and the load of the brush motor 150 belong to region a
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separated by the hyperplanes 510 and 520, the vacuum
cleaner 1 may determine the cleaner state information
as indicating that the surface to be cleaned is a hard floor.
[0102] Furthermore, when the current suction pressure
and the load of the brush motor 150 belong to region b
separated by the hyperplanes 520 and 530, the vacuum
cleaner 1 may determine the cleaner state information
as indicating that the surface to be cleaned is a high pile
carpet (carpet long).
[0103] When the current suction pressure and the load
of the brush motor 150 belong to region c separated by
the hyperplanes 520 and 540, the vacuum cleaner 1 may
determine cleaner state information as indicating that the
surface to be cleaned is a low pile carpet (carpet short).
[0104] When the current suction pressure and the load
of the brush motor 150 belong to region d separated by
the hyperplanes 510 and 540, the vacuum cleaner 1 may
determine the cleaner state information as indicating that
the surface to be cleaned is a mat.
[0105] When the current suction pressure and the load
of the brush motor 150 belong to region e separated by
the hyperplane 530, the vacuum cleaner 1 may deter-
mine the cleaner state information as indicating the lift
state in which cleaning is not performed because of sep-
aration from the surface to be cleaned.
[0106] In this case, the hyperplanes 510, 520, 530 and
540 may be determined by an SVM having the load of
the brush motor and the suction pressure according to
the cleaner state as training data, as shown in FIG. 6.
[0107] The hyperplanes 510, 520, 530 and 540 may
be boundary planes which separate respective cleaner
states differentiated by the load of the brush motor 150
and the suction pressure.
[0108] Furthermore, the hyperplanes 510, 520, 530
and 540 may be linear kernels to prevent overfitting for
the training data in an embodiment.
[0109] Moreover, the hyperplanes 510, 520, 530 and
540 may be hyperplanes having maximum separation
distances from the training data in a space with the suc-
tion pressure and a load of the brush motor 150 as at-
tributes in an embodiment.
[0110] As in the training data of FIG. 6, the load of the
brush motor 150 (consumption power W of the brush
motor 150) is proportional to resistance between the sur-
face to be cleaned and the brush 151, and may thus
decrease in the order of the high profile carpet, the low
profile carpet, the mat, the hard floor, and the lift state,
and the absolute value of the suction pressure is affected
by flow path forming conditions and may thus decrease
in the order of the mat, the hard floor, the low profile
carpet, the high profile carpet, and the lift state.
[0111] FIG. 7 is a diagram for describing how the vac-
uum cleaner 1 determines cleaner state information
based on transition of cleaner state, according to an em-
bodiment, and FIG. 8 is a diagram for describing how the
vacuum cleaner 1 determines state transition of the vac-
uum cleaner 1, according to an embodiment.
[0112] Referring to FIG. 7, the vacuum cleaner 1 may

determine transition of cleaner state based on the hyper-
plane to update the cleaner state information. Specifical-
ly, the vacuum cleaner 1 may use a state machine to
determine transition of cleaner state, thereby determin-
ing current cleaner state information.
[0113] For example, when the region to which the suc-
tion pressure and the load of the brush motor 150 belong
among a plurality of regions separated by the hyperplane
is changed a preset number of times or more, the vacuum
cleaner 1 may determine the cleaner state information
based on a cleaner state corresponding to the changed
region.
[0114] Specifically, the vacuum cleaner 1 may deter-
mine a state of the vacuum cleaner 1 based on state
transition from one of the lift state in which the brush 151
is separated from the surface to be cleaned and cleaning
is not performed, a state in which the surface to be
cleaned is a hard floor, a state in which the surface to be
cleaned is a mat, a state in which the surface to be
cleaned is a carpet, which is one of a state in which the
surface to be cleaned is a low profile carpet (carpet short),
e.g., Wilton carpet or a state in which the surface to be
cleaned is a high profile carpet (carpet long), e.g., Plush
carpet, to another state, and create cleaner state infor-
mation corresponding to the state of the vacuum cleaner
1.
[0115] Furthermore, in an embodiment, the vacuum
cleaner 1 may determine cleaner state information by
determining transition of cleaner state based on a plane
separated from the hyperplane by a preset value. In this
case, taking into account hysteresis characteristics, the
vacuum cleaner 1 may use the plane separated from the
hyperplane by the preset value based on determination
of transition of the cleaner state from a first state to a
second state, and use a plane separated from the hyper-
plane by a negative value of the preset value based on
determination of transition of the cleaner state from the
second state to the first state.
[0116] For example, the vacuum cleaner 1 may deter-
mine transition of cleaner state based on a plane sepa-
rated by a preset value α from the hyperplane 510, (β1·x
+ β2·x + b), between a state in which the surface to be
cleaned is a hard floor and a state in which the surface
to be cleaned is a mat, as shown in FIG. 8. In this case,
taking into account hysteresis characteristics, the vacu-
um cleaner 1 may use a plane 510a separated from the
hyperplane 510 by a preset value α based on determi-
nation of transition of the cleaner state from the state in
which the surface to be cleaned is a hard floor (hf) to the
state in which the surface to be cleaned is a mat, and
use a plane 510b separated from the hyperplane 510 by
a negative value of the preset value α, i.e., -α, based on
determination of transition of the cleaner state from the
state in which the surface to be cleaned is the mat to the
state in which the surface to be cleaned is the hard floor.
[0117] As such, when the vacuum cleaner 1 is able to
determine the transition of the cleaner state, the vacuum
cleaner 1 may cancel noise based on an operation state
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or noise of the sensor 110, 120 or 130 by applying the
hysteresis and figuring out continuity of data.
[0118] FIG. 9 is a diagram for describing an occasion
when the vacuum cleaner 1 controls at least one of the
brush motor 150 or the suction motor 160 based on clean-
er state information, according to an embodiment.
[0119] Referring to FIG. 9, in an embodiment, the vac-
uum cleaner 1 may control at least one output of the
brush motor 150 or the suction motor 160 based on the
cleaner state information.
[0120] For example, the vacuum cleaner 1 may control
the suction motor 160 to produce a reference output when
the surface to be cleaned is a hard floor, control the suc-
tion motor 160 to produce more than the reference output
when the surface to be cleaned is a carpet, and control
the suction motor 160 to produce less than the reference
output when the surface to be cleaned is a mat. Further-
more, the vacuum cleaner 1 may minimize outputs of the
brush motor 150 and the suction motor 160 when clean-
ing is not performed (in the lift state).
[0121] With this, the vacuum cleaner 1 may control out-
puts of the brush motor 150 and the suction motor 160
by figuring out a cleaner state (whether the cleaner is
working, or a type of the surface to be cleaned) to in-
crease use time and increase operating force of the user,
thereby giving convenience to the user.
[0122] FIG. 10 is a diagram for describing cleaning
state information when suction pressure of the vacuum
cleaner 1 is low, according to an embodiment, and FIG.
11 is a diagram for describing how the vacuum cleaner
1 determines cleaner state information by further consid-
ering rpm of the suction motor 160, according to an em-
bodiment.
[0123] Referring to FIG. 10, in a state of low suction
pressure, it may be difficult to differentiate the state in
which the surface to be cleaned is a hard floor from the
state in which the surface to be cleaned is a mat as shown
in the box.
[0124] Specifically, when the vacuum cleaner 1 deter-
mines cleaner state information based on suction pres-
sure and the load of the brush motor 150 in the state of
low suction pressure, there may sometimes be overlap-
ping of data representing the state in which the surface
to be cleaned is a hard floor and the state in which the
surface to be cleaned is a mat.
[0125] In this case, when the state in which the surface
to be cleaned is a mat, the surface of the mat is adsorbed
to a flow path of the brush 151 and thus the flow volume
is reduced, leading to a reduction in load of the suction
motor 160 and thus an increase in rpm of the suction
motor 160.
[0126] Hence, the vacuum cleaner 1 may determine
the cleaner state information based on suction pressure,
a load of the brush motor 150 and rpm of the suction
motor 160, as shown in FIG. 11.
[0127] For example, the vacuum cleaner 1 may deter-
mine subsequent cleaner state information by further
considering the rpm of the suction motor 160 in addition

to the suction pressure and the load of the brush motor
150 based on the cleaner state information indicating the
lift state in which the brush 151 is separated from the
surface to be cleaned and the suction pressure being
equal to or less than a preset value.
[0128] Accordingly, when the cleaner state information
indicates the lift state in which the brush 151 is separated
from the surface to be cleaned and the suction pressure
is equal to or less than a preset value, the vacuum cleaner
1 may determine that the suction pressure is low and
then determine subsequent cleaner state information by
further considering the rpm of the suction motor 160 in
addition to the suction pressure and the load of the brush
motor 150.
[0129] In this case, the vacuum cleaner 1 may deter-
mine rpm of the suction motor 160 based on a motor
position of the suction motor 160 according to an oper-
ation command. For example, the suction motor 160 may
correspond to a BLDC motor, and the vacuum cleaner 1
may determine rpm of the suction motor 160 based on
the motor position of the suction motor 160.
[0130] The vacuum cleaner 1 may use correlation in-
formation between suction pressure, a load of the brush
motor 150, rpm of the suction motor 160 and a cleaner
state determined based on the suction pressure accord-
ing to the cleaner state, the load of the brush motor 150,
and the rpm of the suction motor 160 to determine cleaner
state information corresponding to the current suction
pressure, the load of the brush motor 150 and the rpm
of the suction motor 160.
[0131] For example, the vacuum cleaner 1 may use a
hyperplane determined by an SVM having the suction
pressure according to the cleaner state, the load of the
brush motor 150, and the rpm of the suction motor 160
as training data to determine the cleaner state informa-
tion.
[0132] In this case, the hyperplane may correspond to
a boundary plane to separate respective cleaner states
differentiated by suction pressure, a load of the brush
motor 160 and rpm of the suction motor 160 in a 3D space
having the suction pressure, the load of the brush motor
150, and the rpm of the suction motor 160 as attributes.
[0133] Furthermore, the hyperplane in an embodiment
may be a linear kernel to prevent overfitting for the train-
ing data.
[0134] In an embodiment, the hyperplane may be a
hyperplane having a maximum separation distance from
the training data in the 3D space with the suction pres-
sure, the load of the brush motor 150, and the rpm of the
suction motor 160 as attributes.
[0135] An embodiment of a method of controlling the
vacuum cleaner 1 will now be described from a perspec-
tive. For the method of controlling the vacuum cleaner 1,
the vacuum cleaner 1 in the aforementioned embodi-
ments may be used. Hence, what are described above
with reference to FIGS. 1 to 11 may be equally applied
in the following method of controlling the vacuum cleaner
1.
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[0136] FIG. 12 is a flowchart of performing motor output
control by determining cleaner state information in a
method of controlling the vacuum cleaner 1, according
to an embodiment.
[0137] Referring to FIG. 12, the vacuum cleaner 1 ac-
cording to an embodiment may determine suction pres-
sure based on atmospheric pressure and pressure at the
suction port 15a, in 1210.
[0138] In an embodiment, the vacuum cleaner 1 may
determine cleaner state information based on the suction
pressure and a load of the brush motor 150, in 1220.
[0139] Specifically, the vacuum cleaner 1 may use cor-
relation information between the suction pressure, the
load of the brush motor 150, and the cleaner state deter-
mined based on the load of the brush motor 150 and the
suction pressure according to the cleaner state to deter-
mine the cleaner state information corresponding to the
load of the brush motor 150 and the current suction pres-
sure.
[0140] In an embodiment, the vacuum cleaner 1 may
control at least one output of the brush motor 150 or the
suction motor 160 based on the cleaner state information,
in 1230.
[0141] For example, the vacuum cleaner 1 may control
the suction motor 160 to produce a reference output when
the surface to be cleaned is a hard floor, control the suc-
tion motor 160 to produce more than the reference output
when the surface to be cleaned is a carpet, and control
the suction motor 160 to produce less than the reference
output when the surface to be cleaned is a mat. Further-
more, the vacuum cleaner 1 may minimize outputs of the
brush motor 150 and the suction motor 160 when clean-
ing is not performed (in the lift state).
[0142] FIG. 13 is a flowchart of an example of deter-
mining cleaner state information in a method of control-
ling the vacuum cleaner 1, according to an embodiment.
[0143] Referring to FIG. 13, the vacuum cleaner 1 ac-
cording to an embodiment may determine suction pres-
sure based on atmospheric pressure and pressure at the
suction port 15a, in 1310.
[0144] In an embodiment, the vacuum cleaner 1 may
identify a region to which the suction pressure and the
load of the brush motor 150 belong among regions a,
b, c, d , and e separated by the hyperplanes 510,
520, 530 and 540 to determine the cleaner state infor-
mation, in 1320.
[0145] Specifically, the vacuum cleaner 1 may identify
a region to which the current suction pressure and the
load of the brush motor 150 belong among a plurality of
regions a , b, c, d, and e separated by hyperplanes
510, 520, 530 and 540 determined by the SVM to deter-
mine the cleaner state information.
[0146] In this case, the cleaner state information may
include at least one of operation state information indi-
cating whether the vacuum cleaner 1 performs cleaning
or type information of a surface to be cleaned indicating
a type of the surface to be cleaned when the vacuum
cleaner 1 performs cleaning.

[0147] For example, the operation state information
may include a lift state in which the brush 151 is separated
from the surface to be cleaned and thus cleaning is not
performed.
[0148] The type information of the surface to be
cleaned may include information about each of a state
in which the surface to be cleaned is a carpet, a state in
which the surface to be cleaned is a hard floor, and a
state in which the surface to be cleaned is a mat, and the
state in which the surface to be cleaned is a carpet may
include information about each of a state in which the
surface to be cleaned is a low pile carpet (or carpet short),
e.g., Wilton carpet, and a state in which the surface to
be cleaned is a high pile carpet (or carpet long), e.g.,
Plush carpet.
[0149] In this case, the hyperplanes 510, 520, 530, and
540 may be determined by an SVM having the load of
the brush motor and the suction pressure according to
the cleaner state as training data.
[0150] The hyperplanes 510, 520, 530, and 540 may
be boundary planes which separate respective cleaner
states differentiated by the load of the brush motor 150
and the suction pressure.
[0151] Furthermore, the hyperplanes 510, 520, 530,
and 540 may be linear kernels to prevent overfitting for
the training data in an embodiment.
[0152] Moreover, the hyperplanes 510, 520, 530, and
540 may be hyperplanes having maximum separation
distances from the training data in a space with the suc-
tion pressure and a load of the brush motor 150 as at-
tributes in an embodiment.
[0153] FIG. 14 is a flowchart of an example of deter-
mining cleaner state information based on state transition
of a vacuum cleaner in a method of controlling the vac-
uum cleaner, according to an embodiment.
[0154] Referring to FIG. 14, the vacuum cleaner 1 in
an embodiment may determine a plane separated from
a hyperplane by a preset value in 1410, and determine
current suction pressure and a load of the brush motor
150 in 1420.
[0155] In an embodiment, when a region to which suc-
tion pressure and a load of the brush motor 150 belong
is changed with respect to the determined plane in 1430,
and the change is made a preset number of times or
more in 1440, the vacuum cleaner 1 may update cleaner
state information based on a cleaner state corresponding
to the changed region in 1450.
[0156] For example, when the region to which the suc-
tion pressure and the load of the brush motor 150 belong
among a plurality of regions separated by hyperplanes
is changed a preset number of times or more, the vacuum
cleaner 1 may determine the cleaner state information
based on a cleaner state corresponding to the changed
region.
[0157] Furthermore, in an embodiment, the vacuum
cleaner 1 may determine cleaner state information by
determining transition of cleaner state based on a plane
separated from a hyperplane by a preset value. In this
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case, taking into account hysteresis characteristics, the
vacuum cleaner 1 may use the plane separated from the
hyperplane by the preset value based on determination
of transition of the cleaner state from a first state to a
second state, and use a plane separated from the hyper-
plane by a negative value of the preset value based on
determination of transition of the cleaner state from the
second state to the first state.
[0158] As such, when the vacuum cleaner 1 is able to
determine the transition of the cleaner state, the vacuum
cleaner 1 may cancel noise based on an operation state
or noise of the sensor 110, 120, or 130 by applying the
hysteresis and figuring out continuity of data.
[0159] FIG. 15 is a flowchart of determining cleaner
state information by further considering rpm of the suction
motor 160 in a method of controlling the vacuum cleaner
1, according to an embodiment.
[0160] Referring to FIG. 15, when the cleaner state in-
formation corresponds to the lift state in 1510, the vacu-
um cleaner 1 according to an embodiment may deter-
mine suction pressure based on atmospheric pressure
and pressure at the suction port 15a in 1520.
[0161] In an embodiment, when the suction pressure
is equal to or less than a preset value in 1530, the vacuum
cleaner 1 may determine cleaner state information based
on the suction pressure, the load of the brush motor 150,
and the rpm of the suction motor 160 in 1540.
[0162] In this case, the vacuum cleaner 1 may deter-
mine rpm of the suction motor 160 based on a motor
position of the suction motor 160 according to an oper-
ation command. For example, the suction motor 160 may
correspond to a BLDC motor, and the vacuum cleaner 1
may determine rpm of the suction motor 160 based on
the motor position of the suction motor 160.
[0163] The vacuum cleaner 1 may use correlation in-
formation between suction pressure, a load of the brush
motor 150, rpm of the suction motor 160, and a cleaner
state determined based on the suction pressure accord-
ing to the cleaner state, the load of the brush motor 150,
and the rpm of the suction motor 160 to determine cleaner
state information corresponding to the current suction
pressure, the load of the brush motor 150, and the rpm
of the suction motor 160.
[0164] For example, the vacuum cleaner 1 may use
hyperplanes determined by an SVM having the suction
pressure according to the cleaner state, the load of the
brush motor 150, and the rpm of the suction motor 160
as training data to determine the cleaner state informa-
tion.
[0165] In this case, the hyperplanes may correspond
to boundary planes to separate respective cleaner states
differentiated by suction pressure, a load of the brush
motor 160, and rpm of the suction motor 160 in a 3D
space having the suction pressure, the load of the brush
motor 150, and the rpm of the suction motor 160 as at-
tributes.
[0166] Furthermore, the hyperplanes in an embodi-
ment may be linear kernels to prevent overfitting for the

training data.
[0167] In an embodiment, the hyperplanes may be hy-
perplanes having maximum separation distances from
the training data in the 3D space with the suction pres-
sure, the load of the brush motor 150, and the rpm of the
suction motor 160 as attributes.
[0168] In an embodiment, when the suction pressure
exceeds a preset value in 1530, the vacuum cleaner 1
may determine cleaner state information based on the
suction pressure and a load of the brush motor 150, in
1550.
[0169] In an embodiment, the vacuum cleaner 1 may
control at least one output of the brush motor 150 or the
suction motor 160 based on the cleaner state information,
in 1560.
[0170] Meanwhile, the embodiments of the disclosure
may be implemented in the form of a recording medium
for storing instructions to be carried out by a computer.
The instructions may be stored in the form of program
codes, and when executed by a processor, may generate
program modules to perform operation in the embodi-
ments of the disclosure. The recording media may cor-
respond to computer-readable recording media.
[0171] The computer-readable recording medium in-
cludes any type of recording medium having data stored
thereon that may be thereafter read by a computer. For
example, it may be a read only memory (ROM), a random
access memory (RAM), a magnetic tape, a magnetic
disk, a flash memory, an optical data storage device, etc.
[0172] The embodiments of the disclosure have thus
far been described with reference to accompanying
drawings. It will be obvious to those of ordinary skill in
the art that the disclosure may be practiced in other forms
than the embodiments of the disclosure as described
above without changing the technical idea or essential
features of the disclosure. The above embodiments of
the disclosure are only by way of example, and should
not be construed in a limited sense.

Claims

1. A vacuum cleaner comprising:

a main body;
a suction head including a suction port through
which debris is sucked up;
a brush configured to rotate in the suction head;
a brush motor configured to rotate the brush;
a suction motor configured to generate suction
force so that debris is sucked up through the
suction port;
a pressure sensor configured to measure at-
mospheric pressure and pressure at the suction
port; and
at least one processor configured to:

determine suction pressure based on the
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measured atmospheric pressure and the
measured pressure at the suction port, and
determine cleaner state information, includ-
ing at least one of operation state informa-
tion and information of a type of surface to
be cleaned, based on the determined suc-
tion pressure and a load of the brush motor.

2. The vacuum cleaner of claim 1, wherein
the pressure sensor includes a relative pressure sen-
sor including:

a first pressure sensor configured to measure
the atmospheric pressure, and
a second pressure sensor configured to meas-
ure the pressure at the suction port,
wherein the relative pressure sensor is config-
ured to output a difference between the atmos-
pheric pressure measured by the first pressure
sensor and the pressure at the suction port
measured by the second pressure sensor.

3. The vacuum cleaner of claim 1, wherein

the pressure sensor includes an absolute pres-
sure sensor configured to measure the pressure
at the suction port, and
the at least one processor is configured to:

determine the atmospheric pressure based
on an output of the pressure sensor before
operation of the suction motor, and
determine the pressure at the suction port
based on an output of the pressure sensor
during operation of the suction motor.

4. The vacuum cleaner of claim 1, further comprising:

a current sensor configured to measure a cur-
rent to the brush motor,
wherein the at least one processor is configured
to determine the load of the brush motor based
on the current to the brush motor.

5. The vacuum cleaner of claim 4, further comprising:

a voltage sensor configured to measure a volt-
age of a battery which supplies power to the
brush motor,
wherein the at least one processor is configured
to determine the load of the brush motor in pro-
portion to consumption power of the brush mo-
tor.

6. The vacuum cleaner of claim 1, wherein
the at least one processor is configured to use cor-
relation information between previously determined
suction pressures, previously determined loads of

the brush motor, and previous cleaner states deter-
mined based on the previously determined loads of
the brush motor and the previously determined suc-
tion pressures according to the previously deter-
mined cleaner states to determine the cleaner state
information corresponding to a current suction pres-
sure and a current load of the brush motor.

7. The vacuum cleaner of claim 6, wherein
the at least one processor is configured to use a hy-
perplane determined by a support vector machine
(SVM) having the previously determined suction
pressures according to the previously determined
cleaner states and the previously determined loads
of the brush motor as training data to determine the
cleaner state information.

8. The vacuum cleaner of claim 7, wherein
the hyperplane is a boundary plane separating re-
spective different cleaner states differentiated by dif-
ferent suction pressures and different loads of the
brush motor.

9. The vacuum cleaner of claim 7, wherein
the hyperplane is a linear kernel.

10. The vacuum cleaner of claim 7, wherein
the hyperplane is a hyperplane having a maximum
separation distance from the training data in a space
with the previously determined suction pressures
and the previously determined loads of the brush
motor as attributes.

11. The vacuum cleaner of claim 7, wherein
the at least one processor is configured to determine
a transition of cleaner state based on the hyperplane
to update the cleaner state information.

12. The vacuum cleaner of claim 11, wherein
the at least one processor is configured to, when a
region, among a plurality of regions separated by the
hyperplane, to which the determined suction pres-
sure and the load of the brush motor belong is
changed a preset number of times or more, deter-
mine the cleaner state information based on the pre-
viously determined cleaner state corresponding to
the changed region.

13. The vacuum cleaner of claim 12, wherein
the at least one processor is configured to determine
the cleaner state information by determining the tran-
sition of cleaner state based on a plane separated
from the hyperplane by a preset value.

14. The vacuum cleaner of claim 13, wherein
the at least one processor is configured to:

use the plane separated from the hyperplane by
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the preset value based on the determination of
the transition of cleaner state from a first state
to a second state, and
use a plane separated from the hyperplane by
a negative value of the preset value based on
the determination of the transition of cleaner
state from the second state to the first state.

15. A method of controlling a vacuum cleaner including
a main body, a suction head including a suction port
through which debris is sucked up, a brush config-
ured to rotate in the suction head, a brush motor
configured to rotate the brush, and a suction motor
configured to generate suction force so that debris
is sucked up through the suction port, the method
comprising:

measuring, by a pressure sensor, atmospheric
pressure and pressure at the suction port;
determining suction pressure based on the
measured atmospheric pressure and the meas-
ured pressure at the suction port; and
determining cleaner state information including,
at least one of operation state information and
information of a type of surface to be cleaned,
based on the determined suction pressure and
a load of the brush motor.
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